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Abstract Background Distal radius fracture is one of the most common injuries. Poor
functional result with restricted wrist motion can be developed when there is intra-
articular fibrous tissue development arising from articular step-off and gapping.
Objectives The aim of this study is to compare the functional and radiological
outcome between arthroscopic-assisted reduction and fluoroscopic reduction in
treating unstable intra-articular distal radius fracture.
Methods We retrospectively analyzed 12 patients with intraarticular AO type C distal
radius fracture treated with arthroscopic-assisted fracture reduction and internal
fixation and compared them with another group of 12 patients in which fracture
reduction is assessed by fluoroscopy alone (15 males and 9 females, mean age 57.3,
range 27–73). The two cohorts were analyzed for differences in radiological param-
eters including articular stepping and gapping, palmar tilt, radial inclination, ulnar
variance as well as functional outcome in range of motion, grip strength, modified
mayo wrist score, and Quick Disabilities of the Arm, Shoulder, and Hand (DASH) score
at an average of 12.5 months (range 5–26) after surgery.
Results Arthroscopic-assisted fracture reduction group has statistically better resto-
ration of articular stepping and gapping, volar tilt and ulnar variance. Range of motion,
grip strength, modified mayo wrist score and Quick DASH score also had statistically
significant improvement in arthroscopic group.
Conclusion Our study showed arthroscopic-assisted technique can precisely restore
radiological parameters in highly comminuted distal radius fracture with good
functional outcome. Also, associated intra-articular soft tissue injury can be detected
and treated simultaneously.
Level of Evidence This is a level III, retrospective cohort study.
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Distal radius fracture is one of the most common injuries and
accounts for 15% of all fractures.1 Treatmentmethods can vary
from cast immobilization to open reduction and internal
fixation depending on the fracture fragment alignment, radial
height, anatomical reduction of the articular surface, intra-
articular soft tissue injuries, andpatient’s functional demands.
Articular step-off more than 2mm and articular gapping lead
to poor functional results and radiocarpal arthritis in 7 years
follow-up has been mentioned.2,3 The underlying reason that
lead to poor functional outcome has been explored by Gabl
et al, who performed wrist arthroscopy in 20 patients at the
time of implant removal. The arthroscopic findings showed
there is fibrous tissue development extended from previous
intra-articular gapto thesurroundingstructures and this leads
to restricted wrist motion.4

Therefore, restoration of articular anatomy to prevent later
restrictive fibrous tissue formation has become the main goal
in intra-articular distal radius fracture treatment. Fluoroscopy
is the conventional method to assess the articular congruity
during the operation. But at someoccasions, it underestimates
the quality of residual articular step and gap deformity. Under
better magnification and lighting, articular surface can be
better visualized with the use of arthroscope which can be
helpful in reduction of displaced articular fragment.5

So, we are trying to assesswhether additional arthroscop-
ic-assisted fracture reduction technique can improve the
distal radius articular congruity and radiological parameters
that lead to better restoration of wrist function. The aim of
the study is to compare the functional and radiological
outcome between arthroscopic-assisted fracture reduction
and fluoroscopic fracture reduction in treating highly unsta-
ble intra-articular AO type C distal radius fracture.

Patients and Methods

The research project had been approved and registered
under Joint CUHK-NTEC Clinical Research Ethics Committee
(reference number: CREC 2020.182) and strict confidentiali-
ty guidelines were followed.

All patients 18 years of age or older with unilateral AO
type C unstable distal radius fracture sustained between
April 2016 and March 2018 were recruited for study inclu-
sion. Dorsal or volar angulationmore than 20 degrees, dorsal
cortical comminution, intra-articular radiocarpal joint frac-
ture with articular step or gap more than 2mm and radial
shortening for more than 10mm were the indications for
proceeding to open reduction and internal fixation.6–8

Patients who suffered from open fracture, multiple limb
injuries, and pathological fractures, unable to attend post-
operative physiotherapy, and follow-up period less than
3 months were excluded from the study.

Demographic data of patients including age, gender,
fracture type, and hand dominance were collected through
the electronic clinical management system.

Surgical Techniques
All surgerieswere performed by specialist level surgeons and
the procedure was performed under general anesthesia.

Patient was lying supine and the operated arm was placed
over the radiolucent arm boardwith tourniquet applied over
the upper arm. Volar Henry approach to distal radius was
used for exploration of distal radius fracture. Once fracture
reduction was deemed satisfactory, distal radius volar lock-
ing plate was applied for all cases. Additional dorsal distal
radius plating was utilized according to fracture configura-
tion as shown in preoperative X-ray and computed tomog-
raphy (CT) scan.

Fluoroscopic-Assisted Reduction and Internal Fixation
(Fluoroscopic Group)
For fluoroscopic group, fluoroscopywas only used for assess-
ing fracture reduction. Fracture was approached as men-
tioned above. Once the fracture reduction was reduced, 1.6-
mm K-wires were inserted to stabilize the fracture. Fluoro-
scopic images were obtained to evaluate the articular reduc-
tion, including standard posteroanterior (PA) view, lateral
view, anatomical PA (11 degrees tilt), and lateral 23 degrees
tilt views.9 The volar locking plate was applied once the
fracture reduction is considered satisfactory.

Plate system used was based on surgeon preference and
was either Synthes 2.4-mmVariable Angle Locking Compres-
sion Plate Distal Radius System (DePuy-Synthes, West Ches-
ter, PA) or Aptus Wrist Distal Radius System 2.5mm
(Medartis, Kennett square, PA).

Arthroscopic-Assisted Reduction and Internal Fixation
(Arthroscopic Group)
In arthroscopic group, fracture reduction sequence started
from the volar part of intermediate column,where the cortex
was thickest and easier to reduce, followed by volar part of
radial column (►Fig. 1). Then volar distal radius locking plate
was temporarily fixed onto the radius by inserting a single
cortical screw into the elliptical hole over the plate. Once the
plate position including its relationship with distal radius
watershed line and adequate plate coverage for radial and
intermediate column achieved by the plate was achieved,
additional locking screw over the proximal hole could be
inserted to prevent later plate displacement. The volar distal
radius plate now served as the buttress for the volar frag-
ments, which can temporarily anchor the reduced fragments
onto the plate with K-wires and it is ready for wrist arthros-
copy assessment (►Fig. 2).

The operated arm of the patient was placed on the metal
base plate of the sterilizable wrist traction Tower (ConMed
Linvatec Corp., Goleta, CA), with shoulder abducted at
90 degrees, elbow flexed at 90 degrees, and forearm in
neutral rotation. Ten to 12 pounds of traction force was
sufficient forwrist joint distraction (►Fig. 3). A three-fourths
and 6R portals were used for radiocarpal joint assessment
while midcarpal joint surveillance was performed by MCU
and MCRQ1 portals. Transverse superficial skin incision in
line with the skin crease was created over the portal site to
have better scar healing, using the tip of curved mosquito
hemostat to gently dilate the portal site until the joint
capsule was perforated. An arthroscopic cannula with blunt
ended trocar was gently placed though the portal. After
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removing the trocar, the cannulawas then connected by long
tubing to a 3-L saline bag hanged at 1.5 m above to provide
gravity driven inflow to the joint.

A 1.9-mm 30 degrees arthroscope was used. Initially
three-fourths portal was established to aid in creating 6R
portal which was subsequently used as main viewing portal.
The advantage of using 6R portal as viewing portal was to

prevent dorsal rim fragment depression accidentally when
the arthroscope was placed over fourth-fifths portal. The
ulnar head underneath the 6R portal could act as a stable
platform for the arthroscope to work with. The visual field
inside the wrist joint was usually obscured by intra-articular
blood-stained joint fluid and hematoma. The visibility can be
improved by using 10-mL syringe filled up with saline to

Fig. 2 (A) Intraoperative photo showing the volar distal radius locking plate was applied onto the radius. (B) The distal radius volar fragment was
temporarily fixed onto the distal radius volar locking plate with two 1.2-mm K-wire through the hole on the plate as shown in intraoperative
fluoroscopic film.

Fig. 1 (A) Intraoperative photo showing the distal radius fracture was explored through volar Henry approach and brachioradialis was released
from distal fragment for easier reduction. (B) The distal radius volar fragment was temporarily reduced.
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irrigate the wrist joint. Afterward, hematoma and loose
bodies that got stuck within the articular gap were removed
with arthroscopic probe and shaver to facilitate articular
fragment reduction (►Fig. 4). The volar K-wire that helped to
temporarily stabilize the dorsal articular fragment was
withdrawn backward a little bit to free the dorsal articular
fragment for fine adjustment of fracture reduction. Articular
fragment could be reduced either by joystick, or compression
maneuver according to the articular fragment positioning
and configuration10 (►Fig. 5). Depressed free osteochondral
fragment can be reduced by the pushed-up technique with
the bended 2.0-mm K-wire through the window on the volar
distal radius locking plate (►Fig. 6). The fracture gap be-
tween volar and dorsal articular fragment was reduced with
the soft tissue bone reduction clamp (Synthes GmbH, Ober-
dorf, Switzerland) by pushing dorsal fragment onto the
reduced volar fragment (►Fig. 7). Then the reduced fragment
was temporarily held in position with K-wires either from
dorsal or volar direction. Final fracture fixation was com-
pleted by inserting the locking screws adjacent to subchon-
dral bone through the locking screw hole of volar distal
radius plate.

After the distal radius fracture had been fixed, arthro-
scopic surveillance of radiocarpal and midcarpal joint look-

ing out for any intra-articular soft tissue injuries was
performed. Any scapholunate interosseous ligament (SLIL),
lunotriquetral interosseous ligament (LTIL), and triangular
fibrocartilage complex (TFCC) tear were identified and sur-
gical repair was performed on cases with SLIL and LTIL
Geissler III and IV as well as TFCC tear with unstable DRUJ
where peripheral or fovea TFCC tear was suspected.

All patients, except those had repair of intra-articular soft
tissue injury, received the same postoperative rehabilitation
program. Active finger, wrist, and forearm rotational exer-
cises were started right after the operation. Passive range of
motion exercise and strengthening exercise was started at
6th and 8th weeks, respectively. Load-bearing exercise is not
recommended before the 12th week.

Articular stepping and gapping after operative fixation as
well as radiological assessment in radial inclination, radial
height, ulnar variance was assessed by postoperative X-ray
and CT scan using the longitudinal axis method mentioned
by Catalano et al.11

Active range of motion in wrist flexion and extension,
forearm pronation, and supination were measured with
goniometer. Grip strength was measured by JAMAR hand
dynamometer (Preston, Cambridge, MA) and compared with
contralateral side. Together with Modified Mayo Wrist score
and Quick Disabilities of the Arm, Shoulder, and Hand
(DASH), patient was being assessed at 6, 12, 26, and 52weeks
postoperatively by an independent examiner who is un-
aware of the group assignments.

Statistical Analysis
The result of functional and radiological outcomes was
analyzed with IBM SPSS 26.0 (Armonk, New York, NY).
Continuous and categorical variables were compared using
the Student’s t-test and Chi-square test, respectively. p� 0.05
was considered to be statistically significant.

Results

Fifteenmales and nine females were recruited into the study.
The mean age was 57.3 (range 27–73). The AO fracture
subtype was C-1 in six patients, C-2 in seven, and C-3 in 11.
The dominant hand was affected in nine patients (36%). The
average follow-up time was 12.5 months (range 5–26). Both
arthroscopic group and fluoroscopic group had 12 patients.
There were no statistically significant differences between
the two groups with respect to age, gender, AO fracture type,
and injury to the dominant side.

Concomitant intra-articular soft tissue injuries were
detected in the arthroscopic group (five TFCC tear, three
SLIL tear, and one LTIL tear) andwere treated according to the
indications mentioned above.

For the radiological evaluation, arthroscopic group has
statistically significantly less articular stepping (p¼ 0.02)
and gapping (p< 0.01) as well as better restoration in volar
tilt (p¼ 0.05) and ulnar variance (p¼ 0.02). Also, the accura-
cy in restoring the four radiological measurements is much
better in arthroscopic group as the standard deviation range
is smaller in arthroscopic group.

Fig. 3 Photo showing the usual setup for arthroscopic-assisted
reduction for distal radius fracture. The operated arm was put onto
the wrist traction tower with shoulder abducted to 90 degrees and
elbow flexed in 90 degrees. Monitors for fluoroscopy and arthroscope
were placed on the contralateral side of operation table. Three liters of
normal saline was hanged at 1.5 m above to provide gravity driven
inflow to the joint through the cannula.
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At final follow-up, range of motion improvement had
been shown to be better in arthroscopic group. Wrist exten-
sion (p< 0.01) and flexion (p¼ 0.04), forearm pronation
(p¼ 0.03) and supination (p¼ 0.05) as well as the percentage
of grip strength restored (p¼ 0.02) showed statistically
significant improvement when compared with fluoroscopic
group.

When using Modified Mayo Wrist score for patient
functional assessment, arthroscopic group had two excel-
lent, two good, and eight satisfactory results, whereas
fluoroscopic group had one good, eight satisfactory, and
three poor results. The mean Modified Mayo Wrist score
had statistically significant difference between the two
groups (p¼ 0.02). However, the Quick DASH score failed
to show any difference between the two groups (p¼ 0.88).

In our series, we did not have any acute compartment
syndrome developed after the operation. There is no loss of
fracture reduction as shown in subsequent X-ray and CT
scan. No complex regional pain syndrome, extensor, or
flexor tendon rupture was noted in our series. However,
among the fluoroscopic group, there was progressive wid-
ening of scapholunate interval and DRUJ space with corre-
sponding pain detected in three patients and one patient,
respectively that requires further investigation and treat-
ment in later stage. Upon assessment of possible intra-
articular soft tissue injury using the wrist arthroscopy
in these four patients, we could notice arthrofibrosis de-
velopment from the fracture gap to the surrounding
structures that require removal with arthroscopic
shaver (►Video 1).

Fig. 4 Radiocarpal joint was assessed from 6R portal showing that the hematoma interposed between the fracture fragment was removed by
2.0-mm arthroscopic shaver.
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Fig. 5 Arthroscopic view as seen from 6R portal showing the difference in joint congruity before and after reduction of displaced articular
fragment.

Fig. 6 Intraoperative photo showing the steps to reduce the depressed osteochondral fragment. (A) Cortical bone window is created over the
window on the distal radius volar locking plate by 2.5-mm drill. (B) Blunt end of 2.0-mm K-wire is bended and put into pin introducer as a tool to
reduce the articular fragment. (C) The bended K-wire was passed through the cortical bone window and (D) the depressed articular fragment is
pushed back to original position as shown in fluoroscopic scan.
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Video 1

Wrist arthroscopic video clip, showing intra-articular
findings from a patient, belongs to fluoroscopic group
that requires further treatment due to painful
progressive scapholunate interval widening. As
viewed into radiocarpal joint through three-fourths
portal, there are arthrofibrosis development from
previous fracture gap and extended to surrounding
structures. Online content including video sequences
viewable at: https://www.thieme-
connect.com/products/ejournals/html/10.1055/s-
0040-1719039.

Discussion

Articular stepping andgapping are the important factors that
can affect the functional outcome in distal radius fracture.2,3

Wrist arthroscopy is useful as an adjunct in restoring articu-
lar surface congruity because it provides excellent visualiza-
tion of articular surface that cannot be provided by
conventional fluoroscopy and therefore it has better ability
to reduce articular stepping and gapping precisely. Second,
the articular stepping and gapping are often underestimated

when assessed under fluoroscopy.5,12 Recent meta-analysis
has looked into 28 papers related to the use of wrist
arthroscopy in distal radius fracture which support the
findings of better quality in intra-articular reduction with
wrist arthroscopy and better prognosis when comparedwith
fluoroscopy.13

But performing wrist arthroscopy in acute distal radius
fracture is technically demanding and requires expertise in
wrist arthroscopy. Yamazaki et al conclude that arthroscopic-
assisted reduction does not improve radiological and func-
tional outcomes in unstable intra-articular distal radius
fractures.14 The difficulty arises from the problem to estab-
lish good visual field inside the wrist joint when using
arthroscope, lack of reference point to restore the articular
surface, radial height and inclination and fear of extravasa-
tion causing acute compartment syndrome.

We connect the 10-mL syringe filled with saline to inflow
portal of cannula, with suction provided from shaver creat-
ing a strong flow of saline irrigation helping to improve the
visibility. Abe et al developed plate presetting arthroscopic
reduction technique has simplified the distal radius fracture
treatment by fixing the distal radius volar locking plate
before introducing wrist arthroscopy and gained good clini-
cal results.15 Our technique aims to further simplify the
reduction process and is different from his technique. Before
temporarily fixing the volar locking plate to distal radius, we
have purposely reduced the volar fragment of both radial and

Fig. 7 The fracture gap between volar and dorsal articular fragment can be reduced with the soft tissue bone reduction clamp (Synthes GmbH,
Oberdorf, Switzerland) by pushing dorsal fragment onto the reduced volar fragment.
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intermediate column to restore the normal radial height and
volar tilt angle of volar fragmentsfirst. Then, the distal radius
locking plate is used as a buttress to hold the reduced volar
fragments. This step helps us to have better estimation and
restoration of radial height and volar tilt that are often lost in
comminuted fracture. Using the reduced volar fragment as a
reference point, reduction of the displaced dorsal fragments
back onto the already reduced volar fragment makes the
judgement on the adequacy about volar tilt and radial
inclination restoration easier under arthroscopic viewing.
Wehave refined this technique tomake it easier to followand
particularly useful in extensively comminuted fracture such
as intra-articular AO classification type C distal radius frac-
ture. In our series, we do not have any acute compartment
syndrome developed after the operation even if we use wet
arthroscopy. Our operations are usually performed around
1 week after injury. Soft tissue swelling resolution and
hematoma development probably decrease the extent of
excessive compartmental pressure development and fluid
extravasation. Also, we do not use power-driven fluid inflow
system for wrist arthroscopy which can avoid fluid extrava-
sation. Furthermore, introduction of 16-gauge hypodermic
needle over 6U portal allows adequate fluid outflow from
wrist joint. This can prevent excessive pressure development
inside the joint that forces the fluid leaking out and causing
iatrogenic compartment syndrome.

Ability to assess and treat concomitant intra-articular soft
tissue injuries offers additional advantage in using wrist
arthroscopy in distal radius fracture management. In study
from Varitimidis et al, 15 out of 20 patients who had wrist
arthroscopy performed were found to have intercarpal liga-
ment and/or TFCC injuries.16 In particular, SLIL and TFCC
tears often accompany intra-articular distal radius fracture
in 5 to 64% and 80%, respectively.17–25 Treating high-grade
SLIL injuries such as Geissler grade 3 and 4 with temporary
scapholunate joint fixation is often recommended.26 Ruch
et al have demonstrated better outcome with TFCC repaired
at the time of distal radius fracture treatment. Upon average
follow-up time of 24 months (range 17–35 months), none of
their 13 patients complain ulnar wrist pain. Gartland and
Werley grading system was good to excellent in 12 patients
and fair in one patient. Mean functional score of 13 and a
mean athletic score of 12 were noted in DASH score.27

Simultaneous repair of associated soft tissue lesions at the
time of arthroscopic-assisted reduction of distal radius frac-
ture was believed to lead to these improved outcomes.16

Similar observations have been noticed in our study. But,
to verify our findings, a prospective studywith longer follow-
up in the future is suggested as our study had several draw-
backs including retrospective cohort study designwith small
sample size and short follow-up.

Our study showedwrist arthroscopy helps to improve the
articular reduction by minimizing articular stepping and
gapping resulting in statistically significant improvement
of functional outcome. Also, using the technique that utilizes
the distal radius volar locking plate as the buttress to reduce
volar fragment and acts as starting point for fracture reduc-
tion and fixation, helps to restore all the distal radius

radiological parameters. Moreover, intra-articular soft tissue
injury can be detected and repaired accordingly with the use
of wrist arthroscopy.
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